Abstract. The present study investigated the protective effect of berberine hydrochloride on lipopolysaccharide (LPS) -induced acute bone destruction through inhibition of the TNF receptor associated factor 6 (TRAF6)-Ca 2+ -calcineurin-nuclear factor of activated T-cell 1 (NFATc1) signaling pathway. An osteoclast culture system of RAW264.7 cells induced by LPS in vitro was established. A polymerase chain reaction (PCR) assay was applied to determine the effect of berberine hydrochloride on the mRNA expression levels of fos-related antigen 2 (Fra-2), tartrate-resistant acid phosphatase (TRAP), β3-integrin, cathepsin K, dendritic cell-specific transmembrane protein (DC-STAMP), V-type proton ATPase subunit d 2 (Atp6v0d2) and NFATcl. An ELISA assay was performed to measure the release of tumor necrosis factor-α (TNF-α). Western blot analysis was used to measure the effect of berberine hydrochloride on the expression of calcineurin in the LPS-induced NFATc1 signaling pathway, as well as the expression levels of phosphoinositide phospholipase C-γl (PLC-γ1), toll like receptor 4 (TLR4) and TRAF6. The effect of berberine hydrochloride on Ca 2+ concentration was detected using a confocal technique with a Flou-3/acetoxymethyl ester Ca 2+ probe. The PCR results demonstrated that berberine hydrochloride inhibited the mRNA expression levels of Fra-2, TRAP, β3-integrin, cathepsin K, DC-STAMP, Atp6v0d2 and NFATc1. Furthermore, the ELISA results demonstrated that TNF-α expression was decreased. The western blot analysis revelead that berberine hydrochloride treatment results in decreased expression levels of PLC-γ1, TLR4 and TRAF6, and inhibition of Ca 2+ influx. In conclusion, the results of the present study suggest that berberine hydrochloride targets TRAF6 and NFATc1, thus inhibiting osteoclastogenesis and bone destruction via inhibition of the TRAF6-Ca 2+ -calcineurin-NFATcl signaling pathway.
Introduction
As a dynamic organ, the bone undergoes continuous resorption and generation process, of which the process is called remodeling. Under normal circumstances, there is a balance between osteoclast-mediated resorption and osteoblast-mediated formation, which maintains metabolism and homeostasis. However, the loss of balance may lead to skeletal diseases (1) . Osteoclasts are the only cells that are responsible for bone resorption. Overexpression of osteoclasts leads to excessive bone resorption and bone destruction, thus causing osteoporosis, osteoarthritis and other common joint diseases (2) (3) (4) .
Berberine hydrochloride, as an isoquinoline alkaloid, with molecular formula [C20H18NO4]+, also known as berberine, presents in many plants of the Berberidaceae families. Berberine can be precipitated in ether as yellow needle-like crystals, with melting point at 145˚C, soluble in water, antibacterial to hemolytic Streptococcus, Staphylococcus aureus, Neisseria gonorrhoeae, and Freund's Shigella, and also can enhance leukocyte phagocytosis. Berberine hydrochloride has been widely used in the treatment of gastroenteritis, bacillary dysentery, pulmonary tuberculosis, scarlet fever, acute tonsillitis and respiratory infections. However, it has been reported neither whether the drug can affect osteoclastogenesis, nor osteoclast-associated bone destruction can be improved (5) . Therefore, it is of certain significance to be investigated (6) .
Materials and methods

RAW264.7 cell culture and the effect of berberine on lipopolysaccharide (LPS)-induced osteoclastogenesis.
The 3rd generation passaged RAW264.7 cells (from Sun Yat-Sen University) were inoculated into 96-well plates at a density of 1xl0 4 /well and cultured in DMEM medium containing 10% FBS and 1% double antibody, 200 µl/well, and then put in an incubator at 37˚C with 5% CO 2 . RAW264.7 cells were treated with LPS (100 ng/ml) except control group; normal saline was added to the model group, and Berberine hydrochloride (5, 10 and 20 µM; Manst Biological Technology Co., Ltd.) was added into the Drug group simultaneously. Each group was set with three multiple holes. Tartrate-resistant acid phosphatase (TRAP) staining was performed after 5 days' culture. The staining method was carried out according to the kit instructions. The cells were observed under an inverted microscope.
ELISA method to detect tumor necrosis factor-α (TNF-α) levels. After 24 h culture, the cells were put in the ELISA plate and added with diluted samples or standardized samples. The Control group holes were set at 100 µl. Biotinylated antibody were added into each hole at 50 µl, mixed, and sealed with closure plates. The cells were incubated at 37˚C for 90 min, washed for 4 times, then added with streptavidin-HRP, with 100 µl per hole. Subsequently, the cells were incubated at 37˚C for 30 min, and washed for 4 times. Color reagent TMB was added at 100 µl per hole. The cells were colored at 37˚C for 10 min. Stop solution was added at 50 µl per hole. Absorbance at a wavelength of 450 nm was read by a microplate reader, and TNF-α density was calculated. Atp6v0d2) and NFATcl. The cells were incubated for 24 h and added with 1 ml TRIzol reagent, then agitated sufficiently. A total of 0.2 ml chloroform was added, mixed, agitated, and then the cells were ice-bathed standing for 5 min. The cells were centrifuged at 12,000 rpm for 20 min under 4˚C. The supernatant was replaced with an equal volume of isopropanol, then ice-bathed standing for 5 min. The cells were centrifuged at 12,000 rpm for 20 min under 4˚C. The supernatant was discarded and a total of 1 ml ethanol at 75% was added. The solution was agitated to dissolve the RNA thoroughly. The cells were centrifuged at 10,000 rpm for 5 min under 4˚C. The supernatant was carefully removed, and the EP tube was turned upside down, then dried under room temperature for 15 min. A total of 20 µl RNase-free water was added to dissolve the precipitate, and 1 µl solution was suctioned into an Eppendorf, and the rest was stored in-70˚C refrigerator. The 1 µl solution was diluted to 80 µl. OD260 and OD280 ratio was measured by a spectrophotometer, then total RNAs were calculated.
Quantitative polymerase chain reaction (PCR
The cDNA synthesis and reverse transcription were carried out using the PrimeScript RT reagent kit according to the instructions, as follows: 5 times PrimeScript buffer 2 µl, PrimeScript RT Enzyme Mix 0.5 µl, Total RNA 2 µl, RNase Free dH 2 O 5 µl, and Total 10 µl. The reaction was carried out in water bath at 37˚C for 15 min, and then at 85˚C for 15 sec. After the reaction, an appropriate amount of cDNA was quantified by real-time PCR, and the remaining samples were stored under-20˚C. 
Western blotting to detect the expressions of calcineurin in PLCyl, toll like receptor 4 (TLR4), TNF receptor associated factor 6 (TRAF6) and nuclear factor of activated T-cell 1 (NFATc1) signaling pathways.
The above cells were cultured for 24 h, harvested, and washed with PBS twice. Each bottle was added with 400 µl of cell lysate, followed by 40 µl PMSF, agitated. The cells were placed on ice 10 min for sufficient lysis. After being repeatedly aspirated by a sterile syringe, the cells were put into an EP tube, which was ice-bathed for 30 min, and subsequently centrifuged at 12,000 x g for 15 min. After the supernatant was transferred to a new EP tube, 20 µl of protein sample buffer was added into each 100 µl tube, boiled for 5 min, mixed, and then stored under -80˚C. The protein from the above samples was separated by 12% SDS-PAGE electrophoresis. The separated protein bands were transferred to a PVDF membrane by wet method and closed under room temperature for 1 h. Subsequently, the primary antibody was added (concentration 1:1,000) for 4˚C overnight incubation. The primary antibody was discarded, and the secondary antibody (BA1026) was added (concentration 1:1,000) for 1 h incubation. The secondary antibody was abandoned, and color development and fixation were carried out after chemiluminescence. The expressions of calcineurin in PLCyl, TLR4, TRAF6 and NFATc1 signaling pathways were measured.
Confocal assay to detect the effect of berberine hydrochloride on intracellular Ca
2+ concentration. After 24 h culture, the supernatant was discarded. The cells were washed with HESS, following this, HBSS containing 5Flou-3/AM and 0.05% Pluronic F127 was added. The cells were incubated for 30 min under 37˚C. The supernatant was abandoned, and the cells were washed with HEPES buffer saline for 3 times. Subsequently, a sum of 2 ml HEPES buffer saline was added. At the excitation wavelength of 488 nm and the emission wavelength of 500-530 nm, the intracellular Ca 2+ concentration was measured according to the intensity changes of FIuo-3/AM by using A1R laser scanning confocal microscopy.
Statistical methods. All data were expressed as mean ± SD.
Comparisons between the two groups were carried out using the t-test, and multiple sets of data (>2) comparison using the one-way ANOVA, where P<0.05 denoted statistical significance. The data were analyzed by GraphPad Prism 5.0 (GraphPad Software Inc., San Diego, CA, USA).
Results
Effects of berberine on LPS-induced osteoclastogenesis.
TRAP staining showed that RAW264.7 could be differentiated into mature osteoclasts after 5 days of LPS induction, while osteoclastogenesis was not seen in RAW264.7 cells in the negative Control group. The results showed that LPS-induced RAW264.7 cells' differentiation into osteoclasts can be significantly inhibited by Berberine hydrochloride of high concentration. See Fig. 1 .
The inhibition of berberine on LPS-induced osteoclast TNF-α secretion.
In the supernatant, LPS significantly induced TNF-α secretion, while the inhibition of TNF-α by berberine exhibited in a dose-dependent manner compared with that of the Control group, suggesting that berberine may inhibit osteoclastogenesis through inhibiting TNF-α production. See Fig. 2 .
PCR assay to detect the mRNA expressions of Fra-2, TRAP, β3-integrin, cathepsin K, DC-STAMP, Atp6v0d2 and NFATcl.
The mRNA expressions of Fra-2, TRAP, DC-STAMP and Atp6v0d2 in RAW264.7 cells induced by LPS were significantly inhibited by berberine hydrochloride, suggesting that berberine could inhibit LPS-induced osteoclasts-related gene expression, thereby inhibiting the differentiation of RAW264.7 cells to osteoclasts.
During the osteoclastogenesis, NFATcl was amplified and NFATcl mRNA was upregulated. The results showed that berberine can inhibit the increase of NFATcl gene expression induced by LPS in a concentration-dependent manner. The experimental results confirmed the hypothesis that the inhibition of osteoclastogenesis by berberine may be related to the activation of nuclear transcription factor NFATcl. See Fig. 3 .
Western blot to detect the calcineurin expressions of PLCyl, p-PLCyl, TLR4, TRAF6 and NFATc1, p-NFATc1 signaling pathways. WB results showed that berberine hydrochloride significantly inhibited the expression of NFATcl in the nucleus.
The results further confirmed the hypothesis that berberine inhibited the osteoclastogenesis possibly by inhibiting the activation of nuclear transcription factor NFATcl.
After stimulated by LPS, PLCyl was activated and increased intracellular Ca 2+ concentration. The results showed that the activation of PLCyl, or the p-PLCyl protein, was significantly upregulated by LPS which was inhibited by berberine, suggesting that berberine could inhibit the activation of PLCyl, thereby inhibiting Ca 2+ influx, which reduced intracellular Ca 2+ concentration. In order to further confirm the effect of berberine hydrochloride on LPS signal transduction pathway, the effect of berberine on the expression of LPS-induced TRAF6 protein was investigated. The expression of TRAF6 protein was significantly increased in RAW264.7 cells after LPS stimulation, but was significantly inhibited by berberine. The results were consistent with the detection of PCR. See Fig. 4 .
Berberine to reduce the intracellular Ca
2+ concentration. The intracellular Ca 2+ concentration was measured by the Confocal technique. The results showed that LPS significantly increased intracellular Ca 2+ concentration. However, berberine significantly reduced intracellular Ca 2+ concentration, in particular, the high concentration group reduced intracellular Ca 2+ concentration the most, even close to the normal group, suggesting that berberine hydrochloride can strongly inhibit Ca 2+ influx. As shown in Fig. 5 .
Discussion
'Bone immunology' is more and more a hot topic, in which the osteoclast is the only cell responsible for bone resorption.
Under the category of 'Bone immunology', there are excessive activations of osteoclasts in degenerative diseases such as osteoporosis, inflammatory arthritis, and tumor-induced bone destruction (7). Activated osteoclasts can absorb bones, resulting in bone loss, causing fractures, reactive bone proliferation, and subsequent pain and disability. Drugs that whip the osteoclast differentiation can be applied to the treatment of osteoporosis, and in recent years expanding to the diseases such as tumor bone metastasis and rheumatoid arthritis (8) .
LPS is a component of the G-cell wall, which can induce bone destruction through chronic infection. In vitro TRAP staining showed that berberine inhibited LPS-induced osteoclastogenesis. Studies have shown that inflammatory factors such as TNF-α, IL-1, and IL-6 can promote osteoclast-mediated bone resorption, posing a key regulatory factor in osteoclast activity (9, 10) . These inflammatory factors contribute to the formation of strong osteoclastogenesis stimulating molecules PGE2 by increasing the expression of COX-2 in osteoblasts and stromal cells. Increased TNF-α and other inflammatory factors are associated with the fracture of the femoral head in older women (11, 12) .
The present study found that berberine can reduce the TNF-α levels in LPS stimulated supernatant, suggesting that berberine may have the potential anti-inflammatory and anti-osteoclastogenesis effect by downregulating the production of TNF-α. In addition, it is found that berberine significantly inhibited the expression of TRAP gene in RAW264.7 cells. Inhibition of TNF-α activity may be the reason for the inhibition of TRAP activity.
Intracellular Ca 2+ influx can activate calcineurin, which can de-phosphorylate the inactivated p-NFATcl, and promote NFATcl into the nucleus, thereby activating osteoclast-specific gene expression. The present study found that berberine inhibited calcineurin expression, thereby inhibiting cytoplasmic p-NFATcl de-phosphorylation and NFATcl nuclear translocation, indicating that drugs can inhibit the activation of NFATcl, and thus inhibit osteoclast-associated gene expression. And molecules such as DC-STAMP, Atp6v0d2 and Fra-2 are all related to osteoclastogenesis. During the osteoclastogenesis, the osteoclast precursors fuse into large multinucleated macrophages under the intervention of DC-STAMP and Atp6v0d2 (13, 14) .
Fra-2 can regulate the size and survival of osteoclasts (15) . β3-integrin, cathepsin K and MMP-9 are necessary for osteoclasts to carry out bone resorption. Both β3-integrin and Cathepsin K played important roles in the bone resorption by mediating migration and adsorption of osteoclasts (16, 17) . Cathepsin K exhibited high expression in osteoclasts, making a key enzyme in degradation of organic bone matrix, thus facilitated the bone resorption of osteoclasts (18) (19) (20) .
In conclusion, berberine hydrochloride may target through the TRAF6 and NFATcl, and inhibitosteoclastogenesis and bone destruction probably through inhibiting TRAF6-Ca 2+ -calcineurin-NFATcl signaling pathways. , phosphoinositide phospholipase C-γl; TLR4, toll like receptor 4; TRAF6, TNF receptor associated factor 6; NFATc1, nuclear factor of activated T-cell 1.
